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Abstract: An ultra-performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-
QTOF-MS/MS) method was developed to evaluate the chemical consistency of triterpene acids in ethanol extracts
of Poria and acetic ether extracts thereof. First, high resolution mass spectrometry data were obtained with Full
scan mode, by comparing with MS data from the reference compounds and literatures, a total of 23 components
were unequivocally or tentatively identified in ethanol extracts and acetic ether extracts thereof. Then, a mimic
multiple reaction monitoring (MMRM) mode was established using UPLC-QTOF-MS/MS to quantify the triter-
pene acids in ethanol extracts and acetic ether extracts thereof. Eleven components were absolutely quantified with
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reference compounds, while 12 components without reference compounds were relatively quantified with peak
areas, the transfer and enrichment rate of triterpene acids during liquid-liquid extraction were calculated. It was
found all of the 23 triterpene acids identified in Poria ethanol extracts could be transferred into acetic ether extracts
with high transfer and enrichment rate. The present study provides not only scientific evidence for further extrac-
tion of triterpene acids in Poria by acetic ether, but also an approach for comprehensive evaluation of the chemical
consistency of herbal medicine extracts before and after the liquid-liquid extraction.

Key words: Poria; triterpene acid; liquid-liquid extraction; chemical consistency; UPLC-QTOF-MS/MS

TR %42 Z L B B 1 3 1K % [Poria cocos (Schw.)
Wolf] [ 5 4%, B KB g 70 1 Th R
SCHRARAE PR 25 rh 32 SR A RO = ) =i R KA & A
A TP TO P RC % 2 R AEYE . TR
XPARZE =l BRI A B W kAT AR Wi 1t B A P AL ) A
FUR, W 58 LA S B RVE R AT S, B O OB 55 F
BLVE I TSR AT 3 — 25 ZE NS, A G A7
()4 ORI 2 B R X 4 Ja IR NI R T 20 A Hese
PERZI o — 25 1 4 70 2 ECIVE 384 on B 1) R ) AR
2 SHEE L KBRS Y. B R Z B4R EL
VIR — 30 1) TR CER AU Ak 2 — B AT R 58
PR, PTAREE VAL 28R 20 T8 55 1A 550 35 B A B 3 it
S SRR 5 T ORI 7038 & W SCERIRIE .

TREE I = A5 BR 254k A W LA B R B e B DU 3F =
i 25 F4 2 2, L8R AN IR WA B A 5, 5 4 11 HPLC-UV
V2 BB KT A = R B R R O B R R iR AT E )
Pr HARBE 4Rt 45 M (5 B8, s 50 £ 3 BB BB 1Y
e AT R AT IV 8] 5 3 72 (UPLC-QTOF-MS/MS) i 4
FR ARG B R D RT Ry TR v R R R, O R A
PERC PRI 7y B S e A ) T H . [FIR & e & 5 %
HIFF &, AR KLY & 7 UPLC-QTOF-MS/MS fi v
0 [0, AHT 7T K A UPLC-QTOF-MS/MS £ A,
T S A AR O BERR YR R LR AU T
BR A AT R e, PR I T A A e R
T BT ISENE, 76 Q-TOF b 2 37 AR 1l = 5 U 24 4T 5t i
(TQ-MS) 12 e b W5l (mMMRM) #85%, % 2 BE 52 B4
FN AR 156 ZE B Hh ks 00 1) ) = 18 28 70 JEAT 48 %)
S B UM R, VAN = R SRR 4 7R A U R R
B REMEER, ARG QR i — DA
HA 0 (8 2 A 4

MRS R

128 Waters Acquity UPLC™ % %; (2% [E Waters
ANF, LA ZonE R IR, A FE RS, AR ), Waters
Synapt G2-S QTOF Jiii i {% (3% [H Waters 22 ®], it % F
5 % 8% - Y5 LA Az MassLynx v4.1 Ji i T {E 35); Mettler
B 52— W R (it Mettler 2 7).

A 1A =0 R 284k A Pk R S 380 B R
SIS AR IR o A, AL FE 16a- 52 FE AL 2 0T IR
(16a-hydroxydehydrotrametenolic acid, HDTA). 16a-#%
SIS ZHR (16a-hydroxytrametenolic acid, HTA)-.
% B #2 B (poricoic acid B, PAB). 2 & 132 (dehy-
drotumulosic acid, DTUA). 7K % i g A (poricoic acid
A, PAA).J& %% C (polyporenic acid C, PAC).3-O- Zfit
5:-160- 2 54 2B R (3-0O-acetyl-16a-hydroxydehy-
drotrametenolic acid, AHDTA).3-0- Z I-16a- 2 K- A
b FA %5 5 R (3-0-acetyl-16a-hydroxytrametenolic acid,
AHTA). 2 & 1K % % (dehydropachymic acid, DPA). fX
%1% (pachymic acid, PA) F1 44 % #7 i (dehydrotramet-
enolic acid, DTA), Bt A X} H& & 4l FE #% HPLC [ AR )3 —
A 5E $7295%; N Bk H HE KR (glycyrrhetinic acid,
GA) I H 1l #B & ks A VI RHE A IR A 7], HPLC 4>
98%; &5 N i i 4 (32 & Thermo Fisher Scientific 2
w]); HBE A R 4 (48 [E Merck 2 1); YRR it i 4l
(3£ [H Sigma-Aldrich 24 7); 7K i B AR K, HoAthik
FIBI M4l RE 254 (%5 JISPACM-33-20) K H
BN, GARIIE KT, T A AR T DA% SR 2 AL
F}H B 5% Poria cocos (Schw.) Wolf [ 18 5 #% . ¥
mi bR A A T R R 2 KA I R T R 4 A R B 2
T

BILE M K Waters Acquity HSS T3 il #f
(2.1 mmx100 mm, 1.8 um); BN A 2 (% 0.1%
HR) A1 B: 7K (£ 0.1% HR); 1 &P/, 0~2 min, 5%~
45% A, 2~5 min, 45%~65% A, 5~14 min, 65%~
90% A, 14~16 min, 90~95% A, 16~17 min, 95%~
5% A, 17~20 min, 5% A; it & 0.3 mL - min; # &
35 °C, FEALFA IR 15 °C; HERE R 5 ul.

B s Bmi s B UK B R
LR AN FAFIHESL A, B4 W R 2.5 kv, HEAL
AUHE 50 L - bt B YRR 100 °C, 2% v R AL il 2
450 °C, ZIE IS 800 L - ht, 13 ] 0.2 5. 74
9 4 15 20N 2R AT € 1 4 A, A MSE Centroid 1 %4
R B TV A 20 R 20 R & 408, A JE I m/z
100~1 200, 4 FL 1 i Ay 40 V, MSERlf i R 51K it 14



<132 - 2422224 Acta Pharmaceutica Sinica 2019, 54(1): 130 -137

BNG6V.HEAE R E N30~60V. &AL MS/
MS ) H R S % U R R A 20 SRR, (8 Q
AT E BEALE VI BEE T, i PR E TOF iy it
V) 014 90 R 88 1) 45 B S AR T A AR e
BT B (B A 5 24 WA SR % w8 BEES 1), DAL
HLHL MRM H A8 T RE 8 18 10 047 8 B 5. P
B A IE AL S I mMRM S 85K 1. i
He s K i Waters 23 &) #4 MassLynx v4.1 43 A A B
ok ARSI & BURZ YUk i i (80 H),
F 2R EARE M A 3.0 g, I 75% Z. 1 150 mL # 7=
FEHL 30 min, A 75% L BEA 2 R B, U8 . RV
13 000 r-mint &> 10 min. B EE 2 mL, 7K 60 °C
ZT 5 LA EE 2 mL 20, HF AR R 10 1, JFAE R R
R AFIN GA, ff H i &R A8 0.1 pg - mL?, it 0.22
pm JE R, B E R R4 CBE SR A A . B
B0 J5 1 35T 100 mL, KB 2T, 60 CT AR E, N
AJK 15 mLiB &, FH 488 406 30 mL 2L X, & FF
PIIRZEIUG I 1R LR JZ, /KB 60 CHET, THRFRE .
B IO EE 100 mL & %, B2 mL F&R 10 £, Fleid f2
I GA, A BT 8k 5 0.1 pg - mL?, i 0.22 um
PR, BB BN 5 2.8 2. T6 2E B A i T

[F) 2 11 11 AN 5% et il 2 VRV A, B B9 0.09 mg - mLt
FR) VRS A5 K T TV o TR A ) IR 9 VT S e R
B, JETERG BRI R A NN GA, A 45 AR BE (4% B i
GA¥Jy0.1 pg-mL L,

LMMREE  CEH S — RYNEE X I
TAE L3R (AR 2% A A AR B N S mMRM BT
HBEAT 4307, I P9 bmox i T AR BEAT 05 1E, A IE 5
IR (Y) X Tk B (X) VLR Pk [l )3, 2 il b vt it
2o R U DR KA IR (LOD) Al i A% i & B
(LOQ) K1 A, Forb DUEME LL 3 I FEAF 2 LOD, BAME
M LE 10 B B AE N LOQ.

BEE R — 0 RS S VA RAE IR %
PR ST A0, H RS2 R DL L R ISR 6
UGHAT VR, L EDRE 5 8 (¥ S 50 3% 4 3 R Witk 4T,
RSD o H PR %5 FE AT H TR)HS % 52

BEEM FEEREURA MR 6 47, %l i
TV 45 7 TR 7R AT 1 4% 6 i R, 7E iR
B 2% A T ERE AT, 30 % % a0 i 4 L T U e i AR
HItHE RSD.

REM  WE—f SRR B, 5 )
T0.2.6.10.12 124 h #EFE 4 B, 10 5% 11 Fh 43 4 1

X R AR A E RS R 10 A B i U IR 75 RSD.
FH P TC O 1.0 mg - mLt 56 BE A 45 9. IREUAH PRAERIYTER K% PRI O 03 PR 28 R il , B4y
Table 1 MS parameters for 21 channels in mMMRM (mimic multiple reaction monitoring) mode (Cone voltage: 50 V)
Compound tR' Channel P_recursor _Product Time _ Mass scan  Collision
/min ion (m/z) ion (m/z) segment/min range (m/z) energy/V
150-Hydroxydehydrotumulosic acid (1) 4.87 1 499.34 499.34 45-5.2 499-500 6
Poriacosone A/Poriacosone B (2) 5.19 2 485.32 485.32 5.0-5.8 485-486 2
3a,16a,26-Trihydroxylanosta-8,24-dien-21-oic acid (3) 5.34 3 487.34  487.34 5.0-5.8 487-488 6
160,25-Dihydroxydehydroeburiconic acid (4) 5.46 4 497.33 497.33 5.0-5.8 497-498 6
16a-Hydroxydehydrotrametenolic acid (HDTA) (5) 6.67 5 469.33  469.33 6.2-9.2 469-470 8
160-Hydroxytrametenolic acid (HTA) (6) 6.90 6 471.35 471.35 6.5-8.2 471-472 8
Poricoic acid B (PAB) (7) 6.95 7 483.31 48331 6.5-8.2 483-484 10
Poricoic acid C (8) 6.98 8 481.33  481.33 6.5-8.2 481-482 10
Dehydrotumulosic acid (DTUA) (9) 7.36 9 483.35  483.35 7.2-8.2 483-484 10
Poricoic acid A (PAA) (10) 7.50 10 497.33  423.29 7.2-8.2 423-424 30
Tumulosic acid (11) 7.62 11 485.36 485.36 7.2-8.2 485-486 8
15a-Hydroxy-3-oxolanosta-8,24-dien-21-oic acid (12) 7.83 5 469.33  469.33 6.2-9.2 469-470 8
29-Hydroxydehydropachymic acid (13) 7.88 12 541.35 541.35 7.2-8.2 541-542 10
25-Hydroxypachymic acid (14) 8.21 13 543.37 543.37 8.0-9.2 543-544 8
Polyporenic acid C (PAC) (15) 8.39 14 481.33 481.33 8.0-9.2 481-482 10
16a-Hydroxyeburiconic acid (16) 8.85 15 483.35  483.35 8.0-9.2 483-484 10
3B-Hydroxy-16a-acetoxylanosta-7,9(11),24-trien-21-oic acid (17) 9.81 16 511.34 511.34 9.5-12.0 511-512 10
3-O-Acetyl-16a-hydroxydehydrotrametenolic acid (AHDTA) (18)  10.00 16 511.34 511.34 9.5-12.0 511-512 10
16a-Acetyloxy-24-methylene-3-oxolanosta-7,9(11)-dien-21- 10.10 17 523.34 523.34 9.5-12.0 523-524 8
oic acid (19)
3-0-Acetyl-16a-hydroxytrametenolic acid (AHTA) (20) 10.44 18 513.36  513.36 9.5-12.0 513-514 8
Dehydropachymic acid (DPA) (21) 10.82 19 525.36 525.36 9.5-12.0 525-526 10
Pachymic acid (PA) (22) 11.29 20 527.37 527.37 9.5-12.0 527-528 10
Dehydrotrametenolic acid (DTA) (23) 12.71 21 453.34 45334 125-13.1 453-454 10
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Figure 1 Total ion chromatograms of reference compounds (A) and ethanol extracts (B) in negative full scan mode. Extraction ion

chromatograms of reference compounds (C) and ethanol extracts (D) in mMRM mode. The peak numbers were in accordance with Table 2
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Table 2 Identified triterpene acids in ethanol extracts and acetic ether extracts. “Components identified by comparing with reference
compounds
Compd. tz/min [M-H]" (m/2) Fragment ion (m/z) Formula Ref.
1 4.87 499.341 3 481, 463, 453, 437, 435, 421, 419 CayH,60s [4]
2 5.19 485.326 3 449, 441, 425, 423, 327 CyoHas0s [11]
3 5.34 487.342 9 441, 391, 295 CaoHs0s -
4 5.46 497.3270 479, 435, 419, 403, 309 C.,H,s0s [12]
5% 6.67 469.331 6 451, 425, 423, 409, 407, 405, 393, 391, 375, 311 CyH40, -
6" 6.90 471.348 1 453, 435, 427, 425, 411, 409, 407, 395, 377 CyoHas0, -
7* 6.95 483.311 1 423, 409, 391, 325 CaoH.Os -
8 6.98 481.331 4 421, 407, 363 C,,H,:0, [13]
9" 7.36 483.347 2 439, 437, 421, 419, 407, 405, 403, 389, 311, 293 C,H,0, -
10* 7.50 497.3259 437, 423, 423, 405, 379, 363, 325 CyH,05 -
11 7.62 485.362 7 467, 449, 441, 439, 425, 423, 407, 405, 391, 329, 313 C4H50, [14]
12 7.83 469.330 8 451, 423, 407, 405, 393, 389, 375, 311, 293 CyoH40, [15]
13 7.88 541.3530 495, 479, 419 CyeHsoOg [16]
14 8.21 543.368 8 525, 497, 483, 481, 465, 463, 437, 371, 355, 353 CyeHs,04 [11]
15* 8.39 481.3327 437, 435, 421, 419, 405, 403, 387, 309, 307, 291 CyH,0, -
16 8.85 483.346 9 439, 437, 423, 421, 407, 389, 293 CyH,0, [12]
17 9.81 511.342 5 493, 467, 465, 451, 449, 431 Ca,Hus05 [17]
18* 10.00 511.342 2 467, 465, 451, 417 C4,Hy05 -
19 10.10 523.342 0 463, 447 CayH,s0s [18]
20* 10.44 513.358 3 495, 469, 467, 453, 451, 437, 435, 419, 407, 391 Cy,HgOg -
21 10.82 525.358 9 507, 481, 479, 465, 463, 447, 445, 419, 403, 353, 335 CygHsoOs -
22* 11.29 527.374 6 509, 483, 481, 467, 465, 451, 449, 433, 421, 405, 355, 339 CyHs,04 -
23 12.71 453,336 4 435, 391 CaoHisO0s -
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i
1: R,=f-OH, R,=OH, Ry=OH, R;=CH,, R=H, Rg=H 5: R,=/-OH, R,=OH 11: R,=-OH, R,=OH, R;=H
2: Ry=a/f-OH, R,=H, R;=OH, R;=0, Rs=H, R¢=H 17: R=-OH, R,=0Ac 14: R;=f-OAc, R,=OH, R;=OH
4: R,=—0, R,=H, R;=OH, R ,=CH,, Rs=H, R,=OH 18: R,=f-OAc, R,=OH 16: R,—0, R,=OH, R;=H
9: R,;=/-OH, Ry=H, Rs=OH, R,=CH,, Rs=H, R¢=H 23: R,=f-OH, Ry=H 22: R,;=f-OAc, R,=OH, Ry=H

13; R;=#-OAc, R;=H, Ry;=0H, R,=CH,, R;=OH, R¢=H
15: R,==0, R,=H, R;=OH, R,=CH,, Rs=H, R;=H

19: R,==0, R,=H, Ry=0Ac, R;=CH,, Rs=H, R;=H

21: Ry=-OAc, Ry=H, Ry=0H, R =CH,, Rs=H, R4=H

o

8:R,=H
10: R,=OH

Figure 2 Chemical structures of the identified triterpene acids

3: Ry=a-OH, Ry=H, R;=OH, Ry=0H
6: R,;=f-OH, R,=H, R,=OH, R,=H
12: R;=O0, R,=OH, Ry=H, R,=H

20: R,=8-OAc, R,;=H, Ry=0H, R;=H

Table 3 Calibration curve of mMMRM mode, and comparison of sensitivity, linearity and range between mMRM and Full scan mode (n = 3)

Compd. Regression equation of Linear range/pg-mL* r2 LOQ/ng-mL* LOD/ng-mL*
mMRM mode mMRM Full scan mMRM  Fullscan mMRM Fullscan mMRM  Full scan

5 Y =446 836 X + 5 040 0.002-1.229 0.002-1.229 0.9970 0.991 3 0.6 1.2 0.3 0.3
6 Y =393961 X +4 819 0.001-1.011 0.002-1.011 0.995 6 0.9930 0.5 1.0 0.3 0.5
7 Y =331901 X +4 839 0.003-1.323 0.005-1.323 0.997 0 0.996 3 0.6 2.6 0.2 0.6
9 Y =752724 X + 3878 0.001-0.724 0.004-0.484 0.9950 0.991 6 0.2 0.9 0.1 0.2
10 Y =84 957 X + 920 0.002-1.146 0.002-1.146 0.9997 0.993 4 0.6 11 0.3 0.3
15 Y =708 035 X + 6 262 0.002-1.063 0.002-1.063 0.998 0 0.991 4 0.3 1.0 0.1 0.3
18 Y =474615X + 788 0.002-1.042 0.004-1.042 0.999 9 0.998 6 0.5 2.0 0.3 0.5
20 Y =240 192 X - 13 569 0.002-4.833 0.005-2.417 0.994 8 0.999 6 1.2 24 0.3 0.6
21 Y =680534 X + 18 963 0.002-1.583 0.003-0.792 0.9912 0.990 6 0.4 0.8 0.2 0.2
22 Y =505923 X +1421 0.002-1.583 0.004-1.583 0.999 8 0.9970 2.2 2.2 0.3 0.5
23 Y =519 833 X + 4 653 0.002-1.042 0.004-0.510 0.998 8 0.994 8 1.0 2.0 0.5 0.5

Ut L[R2 86.00%~110.53%, RSD 0.70%~10.99%,
T TR R R AT .
5 EENE

7E MMRM 15 2R 5% £ B 3 B AN 2R < 16 A HL
VIR 11N R B A S AT T A E B, X
fil 12 A8 To 0t BB A S D EAT T AR E &, R
TERUI R RN EER, SR NEL 23105
YIHE SR YN ZE B v B R ksl B, R B TR LR A
BB SR BT = i 2 4 o Ak 22 R, BRAL A4 1.
4.8 119 4h, H A A& W 1) 3 7 2 1 42 1E 86%~99%
2 18], W 2 EESEEUY AN 2 1R Z.T6 RE B AR LA 5
WAL — B . [ERFERN MG L4
IR, TR R HR A B A AR T AR AT R

DNPR AR s oy 3 20 T AL £ 40 8 A1 19 [ A% R il id 1
100%, X T4 &4 8, T REAL HHH L F PHIA = BR 2K A
AR AL T B, T AT AR S YT RE B T IX AR AL
AR T R % T4 &4 19, W R sl A &4 15 K 4=
L S B 3 3L, B T R R H AL S b,
HARW AN EERIIBR 3~6 45, RYIFEMRE T
KEIRA, $Rm 1 =410 A & & .

g

TQ-MS [ MRM #5338 i B B+ il & - (1) 3%
[FREAE, SEIL T 0 B ARG AP e ik 2 14 52 & 40 #, 1
AT EE S . T QTOF-MS K i 73 #i 4 A
HALENE M b AR . T I8 B[R g PR A
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Table 4 Contents or relative contents, transfer rate and enrichment
rate of 23 components in ethanol extracts and acetic ether extracts
(n=3,X%5)

Content/mg .
Compd. csnew]; dq Ethanol Acetic ether Trr:tr; S/EZr En:;:/T/:nt
extract extract
1 HDTA  0.058 £0.002 0.018 +0.001 32 126
2 DTUA  0.011£0.001 0.010 + 0.000 91 364
3 HTA 0.026 +0.001 0.024 +0.001 91 362
4 PAC 0.026 +0.001 0.018 + 0.000 69 275
5 HDTA  0.033+0.001 0.028 +0.001 85 341
6 HTA 0.101 +£0.003 0.086 + 0.003 86 344
7 PAB 0.054 +0.002 0.047 + 0.003 88 354
8 PAB 0.047 +£0.001 0.075 +0.002 161 645
9 DTUA  0.371+0.008 0.339 +0.006 91 365
10 PAA 0.021 £ 0.002 0.021 + 0.001 99 394
11 PA 0.673+0.014 0.615+0.019 91 365
12 AHTA 0.026 +£0.001 0.023 +0.001 89 357
13 AHDTA 0.035+0.000 0.032+0.001 91 364
14 PA 0.053 +£0.001 0.046 + 0.002 86 346
15 PAC 0.179 £ 0.004 0.169 +0.003 94 377
16 PA 0.138 +0.003 0.125 + 0.006 91 364
17 DTUA  0.007 £0.000 0.006 + 0.000 88 353
18 AHDTA 0.023+0.001 0.020 + 0.001 85 340
19 PAC 0.015+0.000 0.020 + 0.001 130 521
20 AHTA 0.297 +£0.006 0.260 + 0.008 87 350
21 DPA 0.287 £0.006 0.261 + 0.007 91 363
22 PA 1.142 £ 0.030 1.035+0.033 91 362
23 DTA 0.023£0.001 0.023 +0.001 97 389

SE =4 HT I E IR, A SCERPR E R QTOF-MS 7
Full scan A5 X T 38 1o 42 28 1) J7 i 34T 58 =4 b
(H2 T R M 22, LR EVa B A, X MR K b FR i
T QTOF{EE =AM HTH IR . A S258 37 [f mMRM
AR, T8 PR A A A RO 4 ) o R B, R T
JRRE A, R BT AT EE ST, S
F LG, mMRM 8 = A 58 4 (1% = R A B 58 ) 26 1

A SIS AE[F]— 6 LC-QTOF-MS/MS A3 2% |- %R %S
BESE W) AN G 82 W8 TR 25 B HEAT R i) 5 1 58 &5
B, R =R /- E R RUS R P B AR B [ F2,
LSRN G 8L R OB ZE U A B A —
B AL, ZRESRBIE S R CBREEIUG =
MEER SR ZH 73 ARG & B i 1 3~6 1%, J5 2R3 UL 2
TEEAIA W E T ARG RAE R E VPN
Ja 8L O CBE AL R 0 B SR AL TR, T H NSRS
PO 2GR B R BLRT 5 1A — SRRt T 5%
Jiike
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